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The presence of non-zero helicity in intergalactic magnetic fields (IGMF) has been suggested as
a clear signature for their primordial origin. We extend a previous analysis of diffuse Fermi-LAT
gamma-ray data from 2.5 to more than 11 years and show that a hint for helical magnetic fields in
the 2.5 year data was a statistical fluctuation. Then we examine the detection prospects of helical
magnetic fields using individual sources as, e.g., TeV gamma-ray blazars. We find that a detection
is challenging employing realistic models for the cascade evolution, the IGMF and the detector
resolution in our simulations.
I. INTRODUCTION
Magnetic fields are known to play a prominent role for
the dynamics and in the energy budget of astrophysical
systems on galactic and smaller scales, but their role on
larger scales is still elusive [1, 2]. So far, only in a few
galaxy clusters observational constraints have been ob-
tained, either by detecting their synchrotron radiation
halos or by performing Faraday rotation measurements.
Since both observational methods need a prerequisite to
measure magnetic fields (a high thermal density for rota-
tion measurements and the presence of relativistic parti-
cles for radio emission), they have been successfully ap-
plied only to high density regions of collapsed objects as
galaxies and galaxy clusters. Fields significantly below
the µG level are barely detectable with these methods.
Also other constraints, for instance the absence of distor-
tions in the spectrum and the polarization properties of
the cosmic microwave background radiation, imply only
a fairly large, global upper limit on the intergalactic mag-
netic field (IGMF) at the level of 10−9 G.
An alternative approach to obtain information about
the IGMF is to use its effect on the radiation from TeV
gamma-ray sources. The multi-TeV gamma-ray flux from
distant blazars is strongly attenuated by pair production
on the infrared/optical extragalactic background light
(EBL), initiating electromagnetic cascades in the inter-
galactic space [3–6]. The charged component of these
cascades is deflected by the IGMF. Potentially observ-
able effects of such electromagnetic cascades in the IGMF
include the delayed “echoes” of multi-TeV gamma-ray
flares or gamma-ray bursts [7–9], the appearance of ex-
tended emission around initially point-like gamma-ray
sources [10–14], and the suppression of GeV halos around
TeV blazars [15]. The last method has been used to de-
rive lower limits on the strength and the filling factor of
the IGMF [16–18]. However, it is unclear if plasma insta-
bilities invalidate these claims, as argued first in Ref. [19].
The observed magnetic fields in galaxies and galaxy
clusters are assumed to result from the amplification of
much weaker seed fields. Such seeds could be created
in the early universe, e.g. during phase transitions or in-
flation, and then amplified by plasma processes [2]. If
the generation mechanism of such primordial fields, as
e.g. sphalerons in the electroweak sector of the standard
model, breaks CP then the IGMF will have a non-zero
helicity. Since helical fields decay slower than non-helical
ones, a small non-zero initial helicity is increasing with
time, making the field either completely left- or right-
helical today. A clean signature for a primordial origin
of the IGMF is therefore its non-zero helicity. In a series
of works, Vachaspati and collaborators worked out pos-
sible observational consequences of a helical IGMF [20–
23]. Moreover, they examined gamma-ray data from the
Fermi-LAT satellite and found a 2.5σ hint for the pres-
ence of a helical IGMF [21, 24].
In this work, we re-analyze the gamma-ray data from
Fermi-LAT in Sec. II, extending the data set from
2.5 years used in Ref. [24] to more than 11 years. We
find that this data set composed of diffuse gamma-rays
is consistent with zero helicity. This result is expected
for a diffuse photon flux, because the contributions from
positive and negative charges in an electromagnetic cas-
cade cancel in observables sensitive to non-zero helicity.
Thus a possible signal for helical magnetic fields is sup-
pressed in the diffuse flux, since the number of sources
per considered angular patch on the sky is typically large.
In Sec. III, we examine therefore the detection prospects
of non-zero helicity in the IGMF using individual sources
as, e.g., blazars. If such a source is seen from the side,
preferentially one charge may be deflected towards the
observer. Such a charge separation may in turn render
the detection of helicity possible. Starting from a toy
model similar to the one in Ref. [23], we investigate how
strong the addition of realistic features like fluctuations
in the interaction length and the IGMF as well as exper-
imental errors deteriorates the detection prospects. We
summarize our conclusions in Sec. IV.
II. DIFFUSE GAMMA-RAYS FROM 10+
YEARS OF FERMI DATA
The authors of Ref. [22] suggested to use as observ-
able Q to detect a helical IGMF the triple scalar product
of the arrival directions ni (normalized as |ni| = 1) of
three photons from the diffuse gamma-ray background.
Depending on their energies εi, photons are split into
three different energy bins with lower bounds E3, E2,
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2and E1. Each bin has a size ∆E, given by dividing the
range of photon energies by the number of bins. Photons
are binned such that Ei < εi < E1+∆E for i = {1, 2, 3}.
Photons outside these energy ranges are discarded. The
arrival directions of the photons in the highest energy bin,
i.e. those with E3 < ε3 < E3 + ∆E, serve as proxy for
the direction to potential sources, since such secondary
photons are typically produced by cascade electrons with
higher energies which are in turn less deflected. If all
three photons originate from the same source, a curve
connecting the highest energy photon to the lowest en-
ergy photons in decreasing order will be bent to the right
in a right-handed helical magnetic field. Similarly, the
triple scalar product (n1×n2) ·n3 will be positive, while
it will be negative for a left-handed helical field. The
estimator Q is thus defined as [22]
Q =
1
N1N2N3
∑
i,j,k
(ni(ε1)× nj(ε2)) · nk(ε3)
WR(ni(ε1) · nk(ε3))WR(nj(ε2) · nk(ε3)), (1)
where Ni denotes the number of photon in the bin i and
WR a top-hat window function. Its radius R is a free pa-
rameter introduced to ensure that only photons within a
certain angular separation ni,j ·nk ≤ R of the E3 photon
are considered. Note that the contribution of all photons
which are not actually part of the cascade should sum to
zero, as they should be randomly distributed within the
patch.
This estimator was used in Refs. [21, 24] to quantify
the signatures of IGMF helicity in the diffuse gamma-
ray background, using ≈ 60 weeks of data (August 2008
through January 2014) from the Fermi-LAT satellite.
The authors of these works reported a hint of 2.5σ for
the presence of a helical cosmological magnetic field of
left-handed helicity with a field-strength ∼ 10−14 G on
∼ 10 Mpc scales. The analysis of Ref. [21] included how-
ever scans over various parameters (the limits of the en-
ergy bins E1 and E2, the minimally allowed Galactic lat-
itude b for the different energy bins, and the radius R of
the top-hat window function), and the true significance of
this hint including penalty factors for the “look-elsewhere
effect” should be therefore significantly smaller. Instead
of calculating these penalty factors, we will use the ≈ 60
weeks data set as a test case to fix these cuts which we
then apply to eleven years of data (August 2008 through
September 2019).
As a first test, we check if we can reproduce the results
of Ref. [21] by limiting the data set to events that were
detected between August 2008 and January 2014, and
by applying the same coordinate cut and scan in energy
(i.e., all combinations of E1,E2 ∈ {10, 20, 30, 40, 50}GeV
with events limited to |b| > 60◦). Moreover we use only
events in the Pass 8 ULTRA CLEAN class. We are con-
cerned with only the diffuse part of the gamma-ray sky,
so we mask out a 3◦ angular diameter around each source
in the first LAT high-energy catalog [25]. This catalog
contains 514 gamma-ray sources that were discovered in
the first three years of data-taking by Fermi-LAT. The re-
sulting data set matches the one of Ref. [21] exactly, with
7,053 events in the lowest energy bin and 200 events in
the highest energy bin.
In order to evaluate the Q estimator, we
have created our own python routines which we
have found to produce consistent results with
those at https://sites.physics.wustl.edu/
magneticfields/wiki/index.php/Search_for_CP_
violation_in_the_gamma-ray_sky. We have deter-
mined error bars by calculating the standard deviation
of Q and dividing by
√
N with N is the number of E3
events. Figure 1 shows the resulting Q values multiplied
with the factor 106.
FIG. 1: Estimator Q as function of the opening an-
gle R of the patch for all combinations of {E1, E2} ∈
{10, 20, 30, 40, 50}GeV. Patches are centered on 50 ≤ ε3 ≤
60 GeV photons with absolute Galactic latitude |b| ≥ 80◦;
data are from August 2008 through January 2014.
In order to find the parameters upon which the value
Q is maximized, we iterate over the following free pa-
rameters: the border of the energy bins, the minimally
allowed Galactic latitude b for ε1 and ε2 events, and
the minimally allowed Galactic latitude of ε3 events.
From this analysis, we find that using for the scan eight
evenly spaced values with ε3 events at Galactic latitudes
|b| ≥ 84◦ maximizes the observed value of Q: Comparing
Fig. 2 to Fig. 1, one can see that the Q values are for
some cases much larger in the eight-binned scan.
There are currently over 11 years of gamma-ray data
available from the Fermi-LAT experiment. Applying the
same cuts to this database as were initially applied to the
2014 experiment yields a data set with 29,272 events,
whereas the old data set contained only 9,942 events.
When the new data set is divided into five evenly spaced
energy bins from 10 GeV to 60 GeV (matching the cuts
used in Ref. [21]), there are 20,098 events in the 10 GeV
energy bin, 5,098 events in the 20 GeV energy bin, 2,252
events in the 30 GeV energy bin, 1,128 events in the
40 GeV energy bin, and 696 events in the 50 GeV energy
bin.
Calculating the Q estimator for this data set yields
Fig. 3. When comparing Fig. 3 to Fig. 1, it is clear that
3FIG. 2: Estimator Q as function of the opening an-
gle R of the patch for some combinations of {E1, E2} ∈
{10, 16, 23, 29, 35, 41, 48, 54}GeV. Patches are centered on
53 ≤ ε3 ≤ 60 GeV photons with absolute Galactic latitude
|b| ≥ 84◦; data are from August 2008 through January 2014.
the Q values obtained for the 2008–2014 data set are
unreliable: If the detection would have been real, one
would expect to see the signal to grow stronger in the
extended data set. However, the Q values are generally a
full order of magnitude smaller than those in the smaller
data set.
Applying the same analysis of the full data set using
the cuts determined from our scan in Fig. 2 yields similar
results: There is an order of magnitude decrease in the
detected signal when the full data set is analyzed. The
results of this analysis are presented in Fig. 4.
We conclude therefore that the hint for helical mag-
netic fields in the 2.5 year was a fluctuation. In particu-
lar, its statistical significance was misinterpreted because
the “looking-elsewhere effect” was not accounted for.
FIG. 3: Estimator Q as function of the opening an-
gle R of the patch for all combinations of {E1, E2} ∈
{10, 20, 30, 40, 50}GeV. Patches are centered on 50 ≤ ε3 ≤
60 GeV photons with absolute Galactic latitude |b| ≥ 80◦;
data are from August 2008 through September 2019.
FIG. 4: Estimator Q as function of the opening angle
R of the patch for some combinations of {E1, E2} ∈
{10, 16, 23, 29, 35, 41, 48, 54}GeV. Patches are centered on
53 ≤ ε3 ≤ 60 GeV photons with absolute Galactic latitude
|b| ≥ 84◦; data are from August 2008 through September
2019.
III. GAMMA-RAYS FROM TEV BLAZARS
In this section, we investigate if extended halos of TeV
blazars can be used for the detection of helical magnetic
fields. This question was addressed in a series of works
using mainly analytical toy models [20–23, 26]: Neglect-
ing in particular a continuous injection spectrum, fluctu-
ations in the distribution of interaction lengths and the
energy distribution of secondaries, it was shown that heli-
cal magnetic fields can be detected, if the distance to the
source and the correlation length of the turbulent field
satisfies certain criteria. Here we use instead of such an-
alytical toy models the version 3.03 of the Monte Carlo
program ELMAG [27, 28] to simulate the three-dimensional
evolution of electromagnetic cascades. Replacing in this
program the probability distribution functions (pdf) usu-
ally employed by their expectation values, we can emu-
late the analytical toy models used previously. Switching
on these sources of fluctuations, we can identify those
which affect mostly the detection of helical magnetic
fields and understand how large the detection prospects
are under realistic assumptions.
If not otherwise specified, we use a source located at
the redshift z = 0.25, corresponding to the comoving
radial distance ' 1 Gpc. We assume as opening angle of
the blazar jet Θjet = 1
◦ and inject 10,000 photons into a
magnetic field of strength Brms = 10
−16 G. To calculate
Q, we use photons of energy 10 < ε1/GeV < 26 and
74 < ε2/GeV < 90 in bins of size ∆E = 16 GeV. As EBL
model, we choose the one of Gilmore et al. [29].
In order to quantify the detectability of helicity at each
stage, we calculate the distribution of Q values for typ-
ically N = 500 Monte Carlo sets. Since we know the
position of the source, we adapt the algorithm used in
section II slightly, substituting the highest-energy pho-
tons ε3, which would only approximate the position of
the source, with the actual position of the source. Thus
4we use only photons produced as secondaries in the cas-
cades for E1 and E2. Since we do not include background
photons in our simulations, it is favorable to use no an-
gular cuts and to include thereby as many photons as
possible in the calculation of Q.
We find that the probability distribution of Q values
is rather well-described by a Gaussian (or normal) dis-
tribution, with the deviations increasing as we add more
and more sources of physical fluctuations. For each pa-
rameter set, we fit two Gaussians N(µi, σ
2
i ) to the two
distributions of Q values for the right- and left-helical
magnetic fields and calculate then their overlap O,
O = 1− 1
2
erf
(
c− µ1√
2σ1
)
+
1
2
erf
(
c− µ2√
2σ2
)
, (2)
where µ1 < µ2 and c is the intersection of the two dis-
tributions. When the percentage of overlap between the
two distributions is high, positive and negative helical
magnetic fields are difficult to distinguish using the Q
distribution. Similarly, one can use the overlap to quan-
tify how likely the “signal hypothesis” |h| = 1 can be
distinguished from the “background hypothesis” |h| = 0.
A. Toy model
As a first step, we test the ability to detect with ELMAG
magnetic field helicity in the highly idealized scenario
adapted from Ref. [23]. In this toy model, photons are
injected with a fixed energy E = 1013 eV. The magnetic
field consists of a single mode with helicity h = {−1, 0, 1},
B(r) =
 B sin(kz + β)hB cos(kz + β)
0
 (3)
and its wave-vector k is pointing along the line-of-sight
towards the blazar. Moreover, we replace the pdf for
the interaction lengths by their expectation values. Thus
the only source of fluctuations in this toy model are the
energy fractions transferred to the secondary particles.
Finally, we switch off the creation of one charge in the
process γγ → e+e− to create by hand a charge asym-
metry. We set the observation angle Θobs between the
line-of-sight and the jet axis to zero.
In the left panel of Fig. 5, we show the sky map of the
arrival directions of photons for L = 2pi/k = 0.1 Mpc of
the magnetic field: A spiral pattern is clearly visible, with
the random phase β leading only to a rotation of the pat-
tern. Next we estimate the possibility of differentiating
between a right and a left-helical IGMF, using as measure
the overlap between the probability distributions for the
Q values in the two cases. In Fig. 6, we show the Monte
Carlo (MC) results together with the fitted normal dis-
tributions for various wave-lengths of the single magnetic
field mode, from L = 0.1 Mpc to 100 Mpc, using 500 sim-
ulations. The ability to detect a helical IGMF is highly
dependent on the wave-length, since the field resembles
more and more a uniform one as L increases: As a result,
the distance between the peaks of the normal distribu-
tions decreases and their overlap increases. Using (3),
we calculate an overlap of 1.27× 10−66 for a wave-length
of L = 0.1 Mpc, meaning that helicity is perfectly de-
tectable. For L = 1 Mpc, the overlap of the two peaks is
only 19.9%, increasing to 35.2% for L = 10 Mpc. Finally,
the signal for helicity practically disappears for L = 100
Mpc, where the overlap increases to 93.5%.
B. Towards the realistic case
1. Adding continuous injection spectrum
We now modify our highly idealized toy model to in-
clude a continuous injection spectrum, but keep other-
wise all parameters unchanged. Inspired by high fre-
quency peaked blazars as 1ES 0229+200, we use as injec-
tion spectrum the power law dN/dEinj ∝ E−2/3inj between
1011 ≤ Einj ≤ 1013 eV. Including a spectrum of injection
energies weakens the correlation between deflection an-
gle and energy, on which the estimator Q is based on.
Therefore one may expect that the detection of a helical
IGMF becomes more difficult.
In Fig. 7, we show the MC results and the fitted normal
distributions of Q values obtained choosing L = 100, 250,
500, and 750 Mpc for the wave-length of the magnetic
field mode (3). Using N = 500 Monte Carlo simulations,
there is no overlap in any case, so that helicity is de-
tectable with a confidence level (C.L.) of at least 99.8%.
Assuming Gaussian statistics and applying Eq. (2), the
C.L. are 99.8% for L = 100 Mpc, 99.8% for L = 250 Mpc,
99.8% for L = 500 Mpc, and 99.7% for L = 750 Mpc,
corresponding to a 3σ detection using a single source for
each case.
These results disagree with the expectation that helic-
ity becomes more difficult to detect using a continuous
energy spectrum for the injected photons. The apparent
contradiction is resolved noting that the relevant scale
to which the wave-length L of the field mode should be
compared is the Larmor radius
rL =
γmv⊥
|q|B (4)
of the produced cascade electrons: It is the dimensionless
ratio L/rL which controls if the helical magnetic field
appears effectively as a uniform field for the propagating
electron. Since the typical energy of these electrons is
much lower using a photon injection spectrum extending
down to 1011 eV, the relevant dimensionless ratio L/rL is
increased. Thus larger values of L lead in the case of the
continuous spectrum to comparable results to the fixed
energy case.
5FIG. 5: Sky map of the arrival directions of photons: left is the toy model with Lmax = 0.1 Mpc, the middle panel includes
both charges and continuous injection spectrum with Lmax = 600 Mpc, and the right is for the realistic case including PDF for
interaction lengths, 3D magnetic turbulence and Lmax = 600 Mpc.
FIG. 6: MC results and fitted normal distributions of Q values
for the toy model, orange bins for h = −1 and blue bins for
h = +1; the wave-lengths L of the magnetic field mode are,
from top to bottom, 0.1 Mpc, 1 Mpc, 10 Mpc, and 100 Mpc.
2. Adding both charges
We continue to use the continuous injection spectrum
and the single magnetic field mode (3), but include now
both charges created in the process γγ → e+e−, thereby
removing the artificial charge asymmetry. As a result,
helicity cannot be detected when the source is observed
directly face on: As shown in the middle panel of Fig. 5,
the arrival directions of photons originating from both
electron and positron cascades are distributed along an-
ticlockwise spirals in a magnetic field with negative helic-
FIG. 7: MC results and fitted normal distributions of Q values
for toy model at various correlation lengths, orange bins for
h = −1 and blue bins for h = +1. Photons are injected on a
continuous spectrum of energies by a source located at 1 Gpc.
The correlation lengths for each panel, from top to bottom
are: 100 Mpc, 250 Mpc, 500 Mpc, and 750 Mpc. The overlap
in each case is approximately 0.
ity. Thus using photons from either electron or positron
cascades leads to a negative contribution to Q. By con-
trast, combining E1 and E1 photons from an electron and
a positron cascade leads to a clockwise spiral as shown
in Fig. 8 and, thus, to a positive contribution to Q. As a
result, the various contributions to Q cancel, leading to a
6probability distribution consistent with zero helicity1, cf.
with Fig. 9. The source must therefore be observed off
angle, so that either electrons or positrons are deflected
preferentially towards the observer.
FIG. 8: Illustration how the combination of E1 and E2 pho-
tons from an electron and a positron cascade leads to a con-
tribution to Q with the wrong sign.
FIG. 9: MC results and fitted normal distributions of Q values
for the toy model with continuous injection spectrum observed
at Θobs = 0
◦, orange bins for h = −1, blue bins for h = +1,
and red for bins with overlap;; The percentage of overlap for
the two distributions is 98%.
The bending angle of a cascade under the influence of
an IGMF is approximately given by [20]
Θ(Eγ) ≈ 0.004◦
(
B
10−16G
)(
1Gpc
Ds
)(
Eγ
100GeV
)−3/2
,
(5)
1 We have tested that this result is not restricted to the case that k
is parallel to the line-of-sight, but holds also for realistic magnetic
fields with a three-dimensional spectrum of k modes.
so the size of the source on the sky increases linearly
with the strength of the magnetic field. A stronger mag-
netic field, then, means that there is a larger range of
Θobs for which helicity can be detected. Therefore, we
slightly modify our standard parameters to better high-
light the conditions that make detection favorable: We
now assume an opening angle for the blazar jet Θjet = 2
◦
and inject photons into a magnetic field of strength
B = 10−15 G.
Increasing the observation angle Θobs leads to a
stronger signal until a maximum observation angle is
reached, beyond which the number of photons detected
drops fast. As an example, Fig. 10 shows the Q distri-
butions for a source located at 1 Gpc and observed at
Θobs = 2.5
◦, i.e. slightly larger than the jet opening an-
gle Θjet = 2
◦. In this case, one charge is preferentially
deflected towards the observer, and as a result, the con-
tributions of cascade electrons and positrons to Q do not
cancel out. In this specific case, the overlap between the
two distributions is only 8%. In Fig. 11, we show the
overlap between the Q distributions for a left- and right-
helical fields as function of Θobs as blue curve. For small
Θobs, the presence of photons from opposite charge cas-
cades weakens the helicity signal, while for Θobs >∼ Θjet,
the overlap goes to zero. We conclude that, provided that
the source is observed at a sufficiently large Θobs, charges
are separated well enough to not destroy the possibility
to detect helical magnetic fields.
FIG. 10: MC results and fitted normal distributions of Q
values for a source located at 1 Gpc and observed at Θobs =
2.5◦, orange bins for h = −1, blue bins for h = +1, and red
for bins with overlap; both charged are included.
Note however that, as Θobs increases, it becomes less
likely that photons reach the observer. Thus a larger
number of sources is needed to produce statistically sig-
nificant data sets.
73. Adding fluctuations in the interaction length
Keeping all other properties the same, we now replace
the mean-values for the interaction lengths of the reac-
tion γ + γ → e+ + e− and e± + γ → e± + γ by their
pdf’s. Fluctuations in these interaction lengths weaken
the relation between the energy and the deflection angle
of the observed photons. Therefore we expect that the
detection prospects of helical fields will be reduced.
Repeating the previous analysis, we find now that the
overlap of the Q distributions shown in Fig. 12 increases
from 8% to 47%. The orange curve in Fig. 11 shows the
overlap as function of Θobs including fluctuations: The
signal is considerably weaker, but the same trends are
followed until Θobs ≈ 2.5◦. For Θobs > 2.5◦, however,
the overlap begins to increase again.
FIG. 11: Overlap O as a function of the observation angle
Θobs; the blue curve uses the mean value, the orange curve
the pdf’s for the interaction lengths.
4. Adding a spectrum of B modes
We now include additional modes of the magnetic
fields, but keep all other properties of the simulation the
same. The directions of the wave-vectors ki of each mode
i are distributed uniformly on the sphere S2, while their
norm is distributed according to a Kolmogorov power-
spectrum. In order to keep the computing times man-
ageable, we use maximally 100 modes. In the right panel
of Fig. 5, we show the sky map of the arrival directions of
photons for a maximal length of the magnetic field modes
Lmax = 600 Mpc: The spiral pattern has become rather
fuzzy, indicating that helicity becomes more difficult to
detect. The resulting Q distributions are shown for the
same parameters as in the previous plot in Fig. 13. The
overlap between the h = +1 and h = −1 pdf’s increases
mildly to ≈ 53% and thus including a distribution of
field modes does not deteriorates significantly the detec-
FIG. 12: MC results and fitted normal distributions of Q
values for a source located at 1 Gpc and observed at Θobs =
2.5◦ with an opening angle of Θjet = 2.0◦, orange bins for h =
−1 and blue bins for h = +1; fluctuations in the interaction
length are included.
tion prospects of helical magnetic fields. Also included in
Fig. 13 is the distribution for the case that h = 0, which
is as expected centered approximately at Q = 0. The
overlap O between the h = |1| and h = 0 distribution is
75%.
FIG. 13: MC results and fitted normal distributions of Q
values for a source located at 1 Gpc, observed at Θobs = 2.5
◦
with an opening angle of 2.0◦, orange bins for h = −1, yellow
bins for h = 0, and blue bins for h = +1. Photons are injected
into a turbulent magnetic field with 100 3D modes.
Let us comment now on the statistical significance, if
N such sources are observed. Assuming a Gaussian dis-
tribution of the Q values with an overlap of 75%, we can
use a Kolmogorov-Smirnov test to estimate the chance
probability that for N observations the two distributions
are confused: While a 3σ evidence for helical fields would
require N ' 50 sources, a 5σ detection would need the
8observation of N ' 120 sources with such a signal.
5. Experimental constraints
We have not taken into account yet constraints like the
energy threshold, the finite angular resolution and the
limited observation time of specific experiments. While
a detailed discussion of these issues is outside the scope
of this work, we comment briefly on the case of the
Cherenkov Telescope Array (CTA).
The angular resolution of the Southern Array of CTA
is estimated to vary between `68 = 0.05
◦ at 1 TeV and
0.15◦ at 100 GeV, where `68 denotes the angular open-
ing angle of cone containing 68% of all reconstructed
photons [30]. This value is in a considerable part of
the relevant {B,Ds} parameter space comparable to or
larger than the extension of the gamma-ray halo given by
Eq. (5). Only for magnetic field strengths B >∼ 10−14 G,
we expect that the spiral patterns contained in the halo of
TeV blazars are sufficiently large such that they are not
washed out by the finite angular resolution. Another ef-
fect deteriorating the detection prospects for helical fields
is the reduced sensitivity of CTA below 100 GeV, which
requires an adjusting of the energy cuts E1 and E2.
In order to quantify this effect, we construct the “mea-
sured” photon arrival directions from the true ones by
adding Gaussian noise with variance σ ' `68/
√
2.3. In
Fig. 14, we show for three strengths of the magnetic field
the effect of the finite angular resolution of CTA on the
measured arrival directions of photons with energy >
100 GeV. We choose as source distance Ds = 1 Gpc and
as wave-length of the magnetic field mode L = 600 Mpc
with 10 turbulent modes. As expected from Eq. (5), the
spiral pattern is strongly blurred for B >∼ 10−15 G. For
B = 10−14 G, the blurring effect weakens, but is still too
strong for magnetic helicity to be detectable, as can be
seen in the overlap plots in the bottom of Fig. 14. In-
creasing the halo size further, the signal-to-background
ratio of events would decrease and more detailed studies
of specific sources taking into account their luminosity
would be needed.
IV. CONCLUSIONS
We have searched for signatures of helical magnetic
fields in more than 11 years of gamma-ray data from
Fermi-LAT. As expected from general arguments, we
have found that this data set composed of diffuse gamma-
rays is consistent with zero helicity. We conclude that the
hint for helical magnetic fields in the 2.5 year found in
Refs. [21, 24] was a fluctuation, which statistical signifi-
cance was misinterpreted because the “looking-elsewhere
effect” was not accounted for.
We have also examined the detection prospects of non-
zero helicity in the IGMF using individual sources as
TeV blazars. Starting from a toy model, we have in-
vestigated how the addition of realistic features like fluc-
tuations and experimental errors deteriorates the detec-
tion prospects. We have found that charge separation
can be efficiently achieved by choosing sources with suf-
ficiently large Θobs. Also the inclusion of a distribution
of magnetic field modes does not affect significantly the
signal of helical fields. In contrast, fluctuations in the
interaction lengths of the reaction γ + γ → e+ + e− and
e±+ γ → e±+ γ together with a continuous spectrum of
injected photon energies weaken the correlation between
the energy and the deflection angle of the observed pho-
tons and reduce thereby the signal of helical fields con-
siderably. However, if the halos of tens of sources could
be observed, a detection is formally still possible.
In order to quantify the detection prospects properly,
more detailed investigations taking into account both the
specific experimental properties of, e.g., CTA and the ex-
pected fluxes of TeV sources are warranted. Additionally,
searches for more optimal estimators than the Q statis-
tics are desirable: For instance, likelihood fits of halo
templates are on general grounds known to be better,
but also less robust, estimators.
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Note added
While finalizing this work, the preprint [31] appeared.
The authors of [31] performed an analysis of the diffuse
gamma-ray data from Fermi-LAT including 11 years of
data. While their analysis is more detailed and includes
also a discussion of several experimental issues of Fermi-
LAT, their main conclusion agrees with ours.
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